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(57)Abstract: 

PURPOSE: To produce an Sr-contg. Mg base alloy high in mechanical strength by 
subjecting the liq. of an alloy having a specified compsn. composed of Al, Mn, Sr and Mg, 
in which the content of inevitable impurity components is regulated, to rapid solidification 
and compaction. 

CONSTITUTION: The liq. of an alloy having a compsn. contg., by weight, 2 to 1 1 % Al, 0 to 
1% preferably, 0.1 to 0.7% Mn, 0.1 to 6% preferably, 1 to 5% Sr, and the balance Mg with 
main Impurities of <0.6% Si, <0.2% Cu, <0.1% Fe and <0.01% Ni, and furthermore added 
with 0 to 12% Zn and 0 to 7% Ca as necessary is rapidly cooled at a rate of at least 104 
K/sec. In this way, the solidified material with at least one dimension of <150 ^m is 
obtained. The solidified material is directly compacted at 200 to 350°C. Thus, the alloy with 
Mg as a base material having 290 MPa fracture point loads and at least 5% fracture point 
elongation can be obtd. 
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Abstract not available for JP423 1435 

Abstract of corresponding document: US5147603 

An alloy based on magnesium with a load at rupture of at least 290 MPa and an elongation at rupture of at 
least 5%, the alloy comprising by weight, 2 to 11% aluminum, 0 to 1% manganese, 0.1 to 6% strontium, 
various possible impurities, and the remainder magnesium. The alloy has a structure including a matrix of 
fine grains of magnesium of a mean size below 3 mu m reinforced by intermetallic compounds dispersed 
homogeneously at the grain boundairies and having a mean size less than 1 mu m, the structure remaining 
unchanged if kept for more than 24 hours at a temperature up to 300 DEG C. 
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Description of corresponding document: US5147603 



TECHNICAL FIELD 

The invention concerns magnesium alloys of high mechanical strength containing strontium and a method of 
preparing them. It particularly concerns conraiercial magnesium alloys listed under the names AZ 31, AZ 61, 
AZ 80 (welding alloys) and AZ 91, AZ 92 (moulding alloys) in accordance with the ASTM standard (or 
respectively G-A3Z1, G-A6Z1, G-A8Z, G-A9Z1, G-A9Z2 in accordance with French standard NFA 02-004) 
with strontium added to them. The alloys may contain manganese and/or calcium as alloying additions. 

STATE OF THE ART 

In Application EP 89-903 172 Applicants have already proposed magnesium alloys obtained by rapid 
solidification, which have improved mechanical properties; these alloys may contain calcium. In Application 
FR 89-1 1357 they have also proposed magnesium alloys with improved mechanical properties containing Ca 
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and rare earths, which are additionally found to have improved corrosion resistance. 

In view of these good results, however, they have tried to get away from the need to use elements such as 
rare earths, which are expensive products and have to be used cautiously. In particular, rare earths have to be 
refined so that they only contain very little Fe, Ni or Cu, and this significantly increases their cost. They are 
also tricky to add to the liquid magnesium bath owing to their great reactivity with oxygen. Furthermore it is 
difficult to obtain a really homogeneous bath when they are added, owing to their high density. 

Applicants have therefore sought to avoid using these elements and to obtain mechanical properties which 
are at least equivalent if not improved (breaking strength and particularly ductility) together with improved 
resistance to corrosion. 



DESCRIPTION OF INVENTION 

The invention is an alloy based on magnesium with a load at rupture of at least 290 MPa and an elongation at 
rupture of at least 5%, characterised in that it is of the following composition (by weight): 
Aluminium 2-11%; 

Manganese 0-1% and preferably 0.1-0.7%; 
Strontium 0.1-6% and preferably 1-5%; 

with the following content of the main impurities (by weight): 

Silicon<0.6% 

Copper<0.2% 

Iron<0.1% 

the remainder being aluminium. 

The alloy may also contain at least one of the elements Zn and/or Ca as an addition, in the following 
proportions: 

Zn 0-12% and preferably 0-3% 
Ca 0-7% 

The normal microstructure of the alloys obtained may be characterised as follows: the matrix is made up of 
fine grains of magnesium of an average dimension smaller than 3 .mu.m or more advantageously no larger 
than approximately 1 .mu.m; it is reinforced by precipitates of intermetallic compounds dispersed 
homogeneously, preferably at the grain boundaries, and varying in size and nature according to the chemical 
composition of the alloy. 

Thus A14 Sr, Mg2 Sr, Mgl7 Sr2 and/or Mgl7 All 2 are generally found, according to the respective content 
of Al and Sr; these dispersoids are preferably in the grains for sizes smaller than 0. 1 .mu.m and at the grain 
boundaries for larger sizes, from 0.1 to 1 .mu.m this is the case of Mgl7 All 2 compounds. Sr may equally be 
in solid solution in Mg and Mgl7 All 2. When Ca is present in a large enough quantity in the alloy it is found 
in solid solution in Mgl7 All 2 and in the form of fine metastable globules rich in Al and Ca and smaller than 
0.1 .mu.m The globules are dispersed in the Mg matrix and can be converted to A12 Ca by heat treatment. 

This stracture remains unchanged after being kept at 250 DEG C. for 24 hours. 

The alloy according to the invention is normally obtained by rapid solidification processes and the various 
methods of applying them described in Application EP 89-903172, which are an integral part of the 
description. To sunmiarise, the alloy in the liquid state is subjected to rapid solidification at a speed of at 
least 10@4 K. sec@-l, generally less than 10@7 K. sec@-l, so as to obtain a solidified product with at least 
one dimension smaller than 150 .mu.m that product is then consolidated directly by precompacting and 
compacting or by direct compacting, compacting taking place at a temperature from 200 DEG to 350 DEG 
C. It is preferable for the solidified product not to undergo any other processing operating such as grinding 
before being consolidated by precompacting and/or direct compacting, since that operation might adversely 
affect the mechanical properties of the consolidated alloy obtained. 
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Rapid cooling for solidification may be obtained: 

either by casting in band form on an apparatus known as a machine "for overhardening on a cylinder" (by 
methods known as free jet melt spinning or plan ar flow casting), the apparatus normally comprising an 
intensively cooled drum on which the metal is cast in the form of a band of a thickness less than 150 .mu.m 
and preferably of the order of 30 to 50 .mu.m; 

or by fusing an electrode or by a jet of liquid metal; the liquid metal is then mechanically divided or atomised 
and projected onto a surface which is intensively cooled and kept clear, 
or by atomising the liquid alloy in a jet of inert gas. 

The first two methods give a solid in the form of bands, scales or tip, while the last gives a powder. The 
processes are described in detail in Application EP 89-903 172. The rapidly solidified product may be 
degassed under vacuum at a temperature no higher than 350 DEG C. before being consolidated. 

Consolidation is also described in that application; in accordance with the invention it is carried out directly 
on the rapidly solidified products, and particularly directly on the scales or tip. In order to preserve the fine, 
unique structure obtained after rapid solidification it is important to avoid long exposure to high temperature. 
It was therefore decided to carry out tepid extrusion, which minimises the duration of high temperature 
passage through the machine. 

The extrusion temperature is from 200 DEG to 350 DEG C; the extrusion ratio is generally fi"om 10 to 40 
and preferably 10 to 20, and simulataneously the speed at which the ram advances is preferably fi-om 0.5 to 3 
mm/sec, although it may be higher (for example 5 mm/sec). As described in said application, the solid may 
be treated as follows prior to consolidation: 
either placed directly in the container of a press then extruded, 

or precompacted cold or at a tepid temperature (e.g. below 350 DEG C), using a press, for example in the 
form of a billet of a density close to 99% of the theoretical density of the alloy, the billet subsequendy being 
extruded, 

or precompacted cold to 70% of the theoretical density and placed in a sheath of magnesium, magnesium 
alloy, aluminium or aluminium alloy, which is itself placed in the container of the extruding press; the sheath 
can then be machined off after the extruding step. 

The sheath may have a thin wall Gess than 1 mm) or a thick one (up to 4 mm). It is preferable in all cases for 
the alloy forming the sheath to have a flow limit not in excess of that of the product to be extruded, at the 
extruding temperature. 

In an alternative embodiment other compacting methods may be used which do not raise the temperature of 
the product above 350 DEG C: these optional processes include hydrostatic extrusion, forging, rolling and 
superplastic forming and hot isostatic compression (HIP). 

Thus the method of the invention unexpectedly makes it possible to obtain a consolidated magnesium alloy 
which, as already described, has a structure of fine grains (grains smaller than 3 .mu.m) stabilised by 
intermetallic compounds and/or by metastable dispersoids, and good mechanical properties. The structure 
and mechanical properties of the alloy remain unchanged after the alloy has been kept for a long period, of 
24 hours and over, at a temperature of up to 250 DEG C, or even 300 DEG C. in certain cases, e.g. when the 
alloy contains calcium. 

This fine structure is observed by using optical electron microscopy. X-ray diffraction and transmission 
electron microscopy. The matrix essentially comprises aluminium containing approximately 1 (atomic) % of 
Al in solid solution; the grain size is very small, usually fi-om 0.3 to 1 .mu.m; it depends on the consolidating 
conditions. 

The intermetallic phases observed depend on the composition of the alloy; they may be Mgl7 All 2, possibly 
containing Sr and/or Zn, Mg32 (Al,Zn)49, Mgl7 Sr2, Mg2 Sr, A14 Sr and, when the alloy contains calcium, 
A12 Ca. Rapid cooling enables metastable phases to form. 

The dimension of the intermetallic compounds is smaller than 1 .mu.m, and their particle size distribution is 
generally bimodal: 

a first mode generally being from 0,1 to 1 .mu.m with the corresponding particles at the grain boundaries; 



file://C:¥Documents and Settings¥ktsunaka¥My Documents¥EPOV3¥JP423 1435.html 



2006/02/13 



^JP4231435 



4/7 ^— V 



this is often the case of Mgl7 All 2, 

a second mode being smaller than 0.1 .mu.m and made up of globules dispersed homogeneously throughout 
the alloy (in the grains and also at the grain boundaries); this is the case e.g. of A14 Sr, Mgl7 Sr, A12 Ca and 
the like. 

All these phases help to harden the alloys. Those with the highest melting point (e.g. A14 Sr) guarantee the 
thermal stability of properties of the alloy obtained. 

The load at rupture obtained with alloys according to the invention is high; it generally exceeds 400 MPa and 
is at least at the same level as that obtained e.g. with the alloys described in the above-mentioned 
applications; an improvement in ductility and hardness are also noted. 

Strontium significantly improves breaking strength with some magnesiimi alloys, particularly those 
containing calcium or commercial alloys of the AZ91 type, though sometimes at the expense of ductility. 

Resistance to corrosion is also very good, for the absence of pitting is noted as well as the very small loss of 
weight in a salt water medium; the alloys according to the invention keep a very shiny appearance; only a 
few shallow, localised patches of corrosion are observed, looking like foliage. 

EXAMPLES 

Several alloys are produced by rapid solidification under conditions identical with those used in the examples 
in above-mentioned Application EP 89-903 172: casting on a wheel, peripheral speed of wheel 10 to 40 
m/sec, speed of cooling from 10@5 to 10@6 K. s@-l. The bands obtained are then placed directly into the 
container of an extruding press, to obtain a consolidated alloy on which the characterising tests are carried 
out: microscopic examination and measurement of mechanical properties and resistance to corrosion. 

Mechanical properties 

Table 1 gives the operating conditions for extrusion and the characteristics of the alloys obtained: 
Hv=Vickers hardness expressed in kg/mm @ 2 

TYS=elastic limit measured at 0.2% residual elongation, expressed in MPa 
UTS=load at rupture expressed in MPa 
e=elongation at rupture expressed as %. 
<tb> TABLE 1 

<tb> 

<tb> INVENTION PRIOR ART 
<tb>Test no. 

<tb> 30 31 32 33 34 35 23 12 9 20 

<tb> 

<tb>Composition AZ91 + 
<tb> AZ91 + 
<tb> AZ91 
<tb> AZ91 + 
<tb>of alloy Sr Sr Ca 
<tb>% by wt.@(l) 
<tb>Al 9759999955 
<tb>Zn 0 0 0 0 0,6 0,6 0,6 0,6 0 0 
<tb>Mn 0 0 0 0 0,2 0,2 0,2 0,2 0 0 
<tb>Ca 0 0 0 6,5 
<tb> 0 0 0 2 3,7 
<tb> 6,5 

<tb>Sr 135312000 (Nd = 2) 

<tb>T DEG extrusion 

<tb> 300 

<tb> 300 

<tb> 300 

<tb> 300 
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<tb> 300 300 300 300 250 

<tb> 300 

<tb> DEGC. 

<tb>Extrusion 

<tb> 20 

<tb> 20 

<tb> 20 

<tb> 20 

<tb> 20 20 20 20 20 
<tb> 20 
<tb>ratio 
<tb>Ram speed 
<tb> 0,5 
<tb> 0,5 
<tb> 0,5 
<tb> 0,5 

<tb> 0,5 0,5 0,5 0,5 0,5 
<tb> 0,5 
<tb>min/sec 
<tb>Hv kg/mm® 2 
<tb> 109 
<tb> 106 
<tb> 105 
<tb> 137 

<tb> 113 117 105 125 124 

<tb> 132 

<tb>TYS (0,2) 

<tb> 325 

<tb> 367 

<tb> 448 

<tb> 613 

<tb> 378 408 330 405 538 

<tb> 564 

<tb>MPa 

<tb>UTS MPa 

<tb> 423 

<tb> 420 

<tb> 473 

<tb> 628 

<tb> 451 467 380 466 567 

<tb> 592 

<tb>e % 19 

<tb> 20 

<tb> 13 

<tb> 0,4 

<tb> 18 17 20 9,5 5,2 
<tb> 2 

<tb> 

<tb> @(1) The balance being Mg 



It will be seen from the table that the alloys in tests, 30, 3 1 and 32, with Al and Sr as the alloying additions, 
have very good breaking strength combined with very high ductility. 

In test 33 calcium is included as an extra alloying addition; this test also compares the replacement of a rare 
earth (Nd) in the prior art alloy of test 20 by Sr. A net gain in mechanical properties is observed, with 
breaking strength reaching the record value of 628 MPa and a comparable level of ductility being 
maintained. 
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Similarly, if Sr is added to an AZ 91 alloy (tests 34 to 35) and compared to an AZ 91 alloy alone (test 23), it 
will be seen that breaking strength is improved while ductility remains the same. If this is compared with an 
AZ 91 alloy containing Ca (test 12), it will be seen that ductility is considerably improved: with an equal 
content of Sr and Ca, the alloy with Sr is nearly 80% more ductile than the alloy with Ca. 

Resistance to corrosion 



The resistance of various alloys to corrosion is assessed by immersing them in a 0.05% aqueous solution of 
NaCl buffered with magnesia at pH=10.2. Table 2 gives the weight losses recorded, relative to the weight 
loss of the conventional alloy most resistant to corrosion, namely a prior art AZ 91 alloy (test 23) prepared 
under the same conditions. 
<tb> TABLE 2 

<tb> 

<tb> Weight loss alloy 

<tb>Test No. Alloy Weight loss AZ 91 

<tb> 

<tb>23 AZ91 1 

<tb>(Prior art) 

<tb> 9 Mg-5Al-3,7Ca 

<tb>5 

<tb>(Prior art) 
<tb>30 Mg-9Al--lSr 0.6 
<tb>36Mg"10Al-5Sr 
<tb> 0.8 

<tb> 



It will be seen that the alloys containing Sr according to the invention (test 30-36) have very good resistance 
to corrosion in this medium, better than that of prior art alloys (tests 23-9). 

Data supplied from the esp@cenet database - Worldwide 
ClainoLS of corresponding document: US5147603 



What is claimed is: 

1. An alloy based on Mg, with a load at rupture of at least 290 MPa and an elongation at rupture of at least 
5%, comprising, by weight, the elements: Aluminium 2-11%; Manganese 0-1%; Strontium 0.1-6%; 

with the following content of the main impurities: Silicon <0.6% copper <0.2% iron <0.1% nickel <0.01% 
the remainder being magnesium, 

said alloy having a structure including a matrix of fine grains of magnesium of a mean size below 3 .mu.m 
reinforced by intermetallic compounds dispersed homogeneously at the grain boundaries and having a size 
less than 1 .mu.m, said structure remaining unchanged if kept for more than 24 hours at a temperature up to 
300 DEG C. r f 

2. The alloy of claim 1, comprising: Aluminium 2-11%; Manganese 0.1-0:7%; Strontium 1-5%. 

3. The alloy of claim 1, wherein the fine grains of magnesium have an average size smaller than about 
1 .mu.m. 



4. The alloy of claim 1, wherein the intermetallic compounds are selected from the group consisting of A14 
Sr, Mg2 Sr, Mgl7 Sr2, Mgl7 A112, and mixtures thereof. 

5. The alloy of claim 1 or 2, additionally containing at least one of the elements Zn and/or Ca in the 
following proportions by weight: Zn 0-12% Ca 0-7%. 
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6. An alloy according to claim 1 or 2, obtained by subjecting the alloy elements in the liquid state, to rapid 
cooling at a speed of at least 10@4 K. sec@-l, so as to obtain a solidified product with at least one 
dimension smaller than 150 .mu.m, then directly compacting the cooled alloy elements at a temperature from 
200 DEGto350 DEG C. 

7. The alloy of claim 6, wherein the rapid cooling is performed by casting on an intensively cooled mobile 
surface, in the form of a continuous band thinner than 150 .mu.m. 

8. The alloy of claim 6, wherein the rapid cooling is performed by spraying the liquid alloy elements onto an 
intensively cooled surface which is kept clear. 

9. The alloy of claim 6, wherein the rapid cooling is performed by atomising liquid alloy elements by means 
of a jet of inert gas. 

10. The alloy of claim 6, wherein the compacting is effected by a means selected from press extrusion, 
hydrostatic extrusion, rolling, forging and superplastic deformation. 

11. The alloy of claim 10 wherein the compacting is effected by press extrusion at a temperature from 200 
DEG to 350 DEG C, with an extrusion ratio of 10 to 40 the press having a ram advancing at a speed of 0.5 to 
3 mm/sec. 

12. An alloy based on Mg, with a load at rupture of at least 290 MPa and an elongation at rupture of at least 
5%, comprising, by weight, the elements: Alimiinium 2-11%; Manganese 0-1 %; Strontium 0.1-6%; 

with the following content of the main impurities: Silicon <0.6% copper <0.2% iron <0.1% nickel <0.01% 
the remainder being magnesium, 

obtained by subjecting the alloy elements in the liquid state, to rapid cooling at a rate of at least 10® 4 DEG 
K. sec@-l, so as to obtain a solidified product with at least one dimension smaller than 150 .mu.m, then 
directly compacting the cooled alloy elements by press extmsion at a temperature of 200 DEG to 350 DEG 
C, with an extrusion ratio of 10 to 40, the press having a ram advancing at a speed of 0.5 to 3 mm/sec. 

13. The alloy of claim 12, wherein the rapidly solidified product is inserted directly in the container of the 
extruding press. 

14. The alloy of claim 12, wherein the rapidly solidified product is placed in a metal sheath made of 
aluminium, magnesium or an alloy based on either of these two metals, before compacting. 

15. The alloy of claim 12, wherein the rapidly solidified product is precompacted before compacting in the 
form of a billet at a temperature no higher than 350 DEG C. 

16. The alloy of claim 12, wherein the rapidly solidified product is degassed under vacuum at a temperature 
no higher than 350 DEG C. before being compacted. 

17. The alloy of claim 12, wherein the extrusion ratio is 10 to 20. 



Data supplied from the esp@cenei database - Worldwide 



file://C:¥Documents and Settings¥ktsunaka¥My Documents¥EPOV3¥JP423 1435.html 



2006/02/13 



(i9)B*H#fiF/r (jp) (12) ^ H 4^ 1^ ^ $g (A) iumwam^jkm^^ 

i^^^4-231435 

(43)4iliB ¥^4^0992) 8 ^200 



(SDlntCl.* 
C 2 2 C 23/02 
B2 2F 1/00 
3/00 
9/08 

C2 2C 1/02 



F I 



R 

A 
A 



6919-4K 
7803-4K 
7803 -4K 
9157-4K 



U 8928 -4K 



(21)ffiSS^ 


i^S¥3- 126062 


(7i)aiSA 


591098433 














(22)fflSH 


¥i*3^(1991) 5^290 




PECHINEY 


ELECTROMET 








ALLURG I E 






9 0 0 7 2 9 9 




y^yxm. 92400 - 




(32)ffi3feH 


1990^6^ 1 B 




UUX 


• 5/6. ^-fyy 


(33)ffi5tlS^SH 


y^>x (PR) 




>x • 2, h^e;-;!. 








(7i)aiiaA 


591114836 












-XX 










•0257-:t;^n- 2, 








t:H-r -TU- 2 








(74) A 


#ii± )\m am 


(^t2«) 













(54) ««»3affiCDBlriXhD>^«>A'&«--T^:?t->C7A^^Rt^^»a{ca;S*0 



(57) mm 

i>< t fe 2 9 0 MPa0tt»r^^^^2S:t^< 5 

Al 2-^11% 

Mn 0—1% 

Sr 0. 1 — 6% 

Mg m SIS. 



—237— 



(2) 



#H^4 - 2 3 1 4 3 5 



<^:t>5%®«^»r^#(y^^£%l,. TIBfil^ (MM) : 
TJVS.—^A 2~11J« 
•7>iS> 0~1X 
XhD>5=^>j7A 0. 1~6% 

^ <0. 6% 

m <o. 2x 

ft <0. \% 

~y^)V <0. 0 1 56 

'7>:»> 0. 1~0. 7% 

XhO^^"?/* 1~5% 

T**Ct*«fafr-5. iS:*?llCD^^. 
CW^JSS] 7n5(SZnRtK/XttCa©il><tt>l'p 

Zn 0~12% 
Ca 0~7X 

Cil*J«4] Th'Jyir;^**, ¥^Tfj**»3uma;0 

5 ] irlH^^SJS«:©iKSiT?d> < t fe 1 0 « 
K/ s e c 05SS®^ji?&^{C#UT, ^< ffe 1 rJ© 

V»T?^^&2 0 0~3 5 OICOiaSTitfilffilfi-r-S^lt 

swstfs. ai*3Si~40^^©f6iD^s. 

[it^JS 6 ] ^aC?&^Lfc pfftfe^ffiiT 15 0m 

sftif -r ^ c t ic i 0 igiSf&aisff -5 c t s»is t r 

«:ft:S5©:&S. 

T-T If— > 3 >-r s c 1 1± Dsaaj^stf 3 c t 
i'»"rn!6^jB©;&j*. 

40. »SU<ttlO~20t. :/'UX©/\>V-©5t 



fraiao. 5~3iiiin/sec *ffifflL/. 2 0 0~35 0'C 

©«sgfcit»ffA-rsj:t*ii*at-rs, i»*j®io© 

[»:*:S12] «iiitSBLfcSffl&. 7;i'5-'> 

A, ■7i^*5^«>Axttc:ns©2a©^ji©vj-rn*^s 

t^i^tf-S. a^:«i 0©:5^Sfe. 

m^mi3] siiijcsBufcsaSv 3 5 o'C£iT 
m:»mi o~i 2©vi-rn*i— «©:)^i*. 

»C. 3 5 0 'CKT©ia«Tr*^TfcK3ff Xf -s c t s# 

»t-r^, mimi o~i 2©vim*»-«©:JErffi. 

[%i;9©P«B;^Sii39] 
[0 0 0 1] 

C«l8±©#!lffl5)-»] *i%m\i. ««W3ftff©JftVi;^ h 

a? D>5^'>A^=tT4^:^i->'i7A^i6:RrX-^©Mjg:*j4tcW 

31, AZ61, AZ 80 mmm^^ SCtfA.Z 

9 1. A z 9 2 (jgigii^^) (ip^. ^n^n^ 5 

>;^«tSNFA 0 2-0 0 4tCj;^G-A3Z 1. G 
-A6Z1. G-A8Z. G-A9Z1, G-A9Z 

2) ©Tt^#SnfcT&IRVi/':*;v'«i7A-&^lCXhn> 

[0 0 0 2] 

30 [e£5fE©S*lj] taSEP 89-903 172 -^-rti. ffllSAtt 

«ii^s@tj;»3#'&n5. ts«e«nta©(Rj±ufc-7if;^i 

S^^A^-^^L^S. mSFR89-11357 -^Ta, 
WttH©fBl±L.fc. Ca&o:»±3gS-^^|r-r-5Tif:?^>' 

[0 0 0 3] 

[0 0 0 4] fi!oT. fflisAta. cne.©7c^sffiffl-r 

50 V> (««aia»r/iNfC5i1t) tLTfc. ^<ife^«p;S: 
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(3) 



4#ll¥4 - 2 3 1 4 3 5 



[0 0 0 5] 
7)VS.-^A 2~11X 

0-196 m±v<\to. 1~0. 

:^hD>?->A 0. l~63i 0ffiU<ttl~5 
«) 

TIB^WS (as) : 
3i ^ <0. 6% 

fg <0. 296 

«i <0. 196 

[0 0 0 6] t©^^tt. 5c*Zn2ftr;/'X»Ca«D^ 

Zn 0~1 2 96 «f*b<«0~39S) 

Ca 0~796 

[0 0 0 7] #&n5^^CD3iS©^«aEffiig|ttJ*:<D± 

[0 0 0 8] ;i©±^irUT. A 1 s.t;s r o-?-n-?n 

©^♦aiClSUT. AI4 Sr, Mg2 Sr, MgiiS 
r . at^/XttM 8.7 A 1 .., *tHRCSffl$nTV»*. 
^nS©^)-«®K»*l,<ttiKt^+TK0. lAm<tr) 
/h^V^Tf^Tf, leSJiaif^-^ttO. 1~1 Mm©ig{c;*:€r 
cnttMgiT A 1 i.2'ffc^Jc:-:3V>TjsSS: 

O. S rttMgRlAlgiTA l,jtf>-X?l^«IC@^^f:-e* 
fiMgirA lM*®@af«:*fciiHian. AltCa© 

/M?SM g V h 'J -y :^ iz»m^ n, ssuiaaic TA 
12 caictem-r5c:t*i-c^-5. 

[0 0 0 9] :L<DmStii2 5 0X:^2 41^fSl»^1t'&\Z 

[0 0 10] :4i:^§S©^&6iia€lM@E9::trj£ICj;0# 
Sn, ■€-ncaffl-r«a>«rO:35f}£«JfflBEP89-903172 

felO* K/s e c» -jftjcm 0' K/sec*g9o 

jiSTtijasBcftu. ^< 1 1> 1 :30Tf tfe** 1 5 0 



(coDsolidatiOD ) U £Et6&2 0 0~3 5 O'COiS^ 

[0 0 11] «H©fc8&®^)i?&^ttj*:©t,»-rn*»tcj: 

D»6n4 : 

10 rn— ^— ^J^j (for overbardening on a cylin 

der ) m (7U->7xs/ h;*;>hXb:n>ifXtt¥®2S 

mtvxa&tx^:^m\z^i>) iUTfijsns^fs-c. 

50/^m*^. »SU<«;*:*)£3 0~5 0/im©^;^©» 

(U3j?» mzsmr^ms-ciimizsm-r^. 

[0 0 12] 

mffi&^fi6-rs*>XttJSf*:^JII©«SS»CJ:-5. ^JctJ 

29 [0 0 13] 

^T^JSttgL**:©':;:!:-;; h*fC«!«:'&^&7 hV-f -if- 

[0 0 14] g«J©2o©;5j*«. mViXlt^y 
HEP89 -903172#C»iB»Cffi«3nTV%«. ^SICS 

[0 0 151 jEE2SflifefJSfflei>t'fcie«$nTv>*. * 

iS5fflfc«<$6r©*»lt«©*»aST»-5, «-3T. 
^fflflPmi/ (filage a tiede) &ff ■SCifcifatU 

&(ommm^&fb\zT^, 

[0 0 16] lffflU}aStt2 0 0~3 5 0*07?, flPHlU 
itf*«Cl3l 0~4 0. »SL<ttl 0~2 OtU A> 
■7-jiffifattiiE<Tt>J;t» (fct^tf 5 mm/sec ) ft 
nar-b, »*KttO. 5~3oiin/sec fT-S. 

[0 0 17] ireusiEttoi: d 1:, ESF^Itj^ilco 

4» T, H<*:S^S:©ti-rn*>©<fc5t5a31U#^> : 

yuxossf leaser. ^«r>-ri¥tB-r. 

[0 0 18] 

t A «^^©S§&W?&S© 9 9 96 fCiE V^SS© tf 

■r. 

[0 0 19] 

m^mm&<o 70% iziSMx^^meEmv. v i/^ ~> 

50 A^^©^r-X (sheath) «4>fcS$. -tnSflcttifmL 
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(4) 



i^i>¥4-2 3 143 5 



[0 0 2 0] y-Xtce»t>M (Imm*^) Xttm^g 

[0 0 2 1] j^r)(ommmmtvr. '±mo(omm^3 

5 01Ca±JC?i586;&:triffi©EE»8*^**ffi«bS«. 

mm^saSim^lzmmmyi^SSS (hot isostatlc coapre 10 
ssioD ) (HIP) 
[0 0 2 2] C:OJ:5ICl/T. *5SI9©:&j*K:J:0. » 

^^®ffli8itta«e<nt«t±, 2 5 orKT, xtt*«.« 

fctA«^ife*t*;P3^^7A*^f-5«^, 300 

■ccDjafl^-cfe, 2 4«praa±^*s«^ufcac^o 
[0 0 2 3] commm.mm^m^mm, xjsigjrR 

WO. 3~1 umTfttJT. -tnttJEESB-ffc^ftCitJCT 

[0 0 2 4] &fE;sn'&^Mra«». ^^omMizfS^V' 

•SMgi7Alj2, Mg»2 (Al. Zn) <9, MgwSr 

! , Me2 Sr, Al4 S rMCXtC^^*t*Jl'->'>A* 50 

^^■r*:®^fi. All caTj&o^s. ^m^i^mu 

[0 0 2 5] ifeSffl'ft-&!gj<D^ffittl tfmJ: 
[0 0 2 6] 

ICOI/»TOO. 1~1 jtimTftoT, dtlliMgwAl 
[0 0 2 7] 



S*^^r#TV>T. rntt. fct;^«Al4 Sr, Mg 
irSrj . AI2 Ca^©^-CJb.5. 
[0 0 2 8] ::ns<D«ttf'<T^^*«flrrscDl::!g 
3t-r>. ^iiS®S6;Si«:*-r?)feC9 (tzt^itAl, S r) 

[0 0 2 9] :$i%m<^^^&m^^xm<^n^mmj^M.^ 

Hja5<. -«fr4 0 OMPaSaA, fct;iaitEfflSt 
[0 0 3 0] XhD>5^«>Att. 

!|$c*;i'->r>A^#o'bo3tttAZ 9 ij^romiE 
[0 0 3 1] IStiefel^^lcaifT^oT. ;^-lf:*S:e.« 

[0 0 3 2] 

[^|jiS0ll] jfeStW 
M^taiSE P 89 -903172-9©SligWICffi^ L-;t© 1 1^ i; 

I|J'6six'f-;v±T«?ii (*-Y-Jl'©Sj$ffil 0 
~4 Om/s e c, ?&#©jS3 1 0» ~1 0» K/s e 
c) LT, #^S@lcJ:r)«t5>0i^^Siaiib;t. 
T#6nfc«<^«bSri¥mL:/l'X©$S4'fcitSAn, 

mmzfizwmm^nRzmm<Ditm^n'o it. 
[0 0 3 31 a) aawttg 

^1 ICifaL.©^ft=i:#6nfc^^©i|$tt^^-r : 
Hv = tfs^*— X«S. kg/mm* 
TYS=aie#tro. 2X-CjM3£bfc»ttlS», MP a 

UTS=Bt9f;Sftffir. MPaSTR 

[0 0 3 4] 
[^1] 
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(5) !i#l83p4 - 2 3 1 4 3 5 
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20 


20 


20 
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0. 5 


OLI 


0. 5 


as 


D. \ 


0.5 


0.5 


0.5 


H V Kg/aii^ 


109 




105 


13T 


113 


117 


105 


12S 


124 


132 


TYS (Q.2) 
MPa 


325 


367 


448 


613 


318 


408 


330 


405 


538 


564 


UTS MPa 


423 


420 


473 
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17 
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(1) £(ias»M s ^-r «. 



[0 0 3 5] ^^^iniifetbTA IRtXS r&ffltifcK 
et. 3 0#, 3 l#S:rX3 2$CD-&^», f/mx^^lt 

[0 0 3 6] »ii3 3S-?»^9J?^^l^4l>2:UT;i!7 
0^^'f'©l&±S (Nd) OS r fC±.&g#«S^feJte! 

[0 0 3 7] S r?feAZ9 l^^fc^iOL- (tt 

ei3 4#%i[;3 5«) . Azg x^'^wm, (stR2 3 



50 



CaSfflVi&^^J:0'b8 0 5«ifi<®tt«t:^#ViC 
[0 0 3 8] b) SMtfe 

pH=10. 2-CVi^:?;>'7S^V>TKabfcNaC 1 
© 0 . 0 5 «*»JKtS-a^^*SaLT-?-Oi8«tt& 

*ff^TS>iLfc5fefTS*B®AZ 9 1^^ (K»2 3#) 

©fifi«ics*jtUT. ia®ufcM«*^2t*-r. 

[0 0 3 9] 
[^2] 







^^<0 Sfii^ 
AZ 9lOMfi«t 


2 3 


A2 91 


1 




Mr-5AI - 3. 7Cb 


5 


3 0 


Mc~9AI - ISr 


0. 6 


3 6 


Mi-10Al-5Sr 


0. a 



[0 0 4 01 *a!ll©S r^3g-^^ (KR3 0~3 6 IgO^^ (ttSi2 3#, 9#) ©W»tt<fct)t)-r<n« 



(6) 



«HrM¥4-2 3 143 5 



(51) Int. CI. s 

C 2 2 C 1/04 



C 7619-4K 



F I 



y^>7.m. 74190 •/Xv'-. y:t, 
7>/X;^ •T^-^o.'f 7 -49 



yy>7M. 95320 ^ • :7:j- 

K U:i • >^^>^ • 67 

y ;p»>x-@. xpt • 3900 • ^—T^ifjv 
>. :xi)V^y7WV -32 



